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ABSTRACT: 

An integrated modular multiple chamber vacuum processing system (10) is disclosed. The 
system includes a load lock (12). may include an ©eternal cassette elevator (24), and an intemal 
load lock wafer elevator (50), and also includes stations about the periphery of the load lock for 
connecting one, two or several vacuum process chambers (16 to 22) to the load lock chamber 
(12). A robot (80) is mounted within the load took and utilizes a concentric shaft drive system (82) 
connected to an end effector via a dual four-bar link mechanism (86) for imparting selected R-0 
movement to the blade (84) to load and unload wafers at the external elevator, intemal elevator 
and individual process chambers (1 6-22). The system is uniquely adapted for enabling various 
types of IC processing including etch, deposition, sputtering and rapid thermal annealing 
chambers, thereby providing the opportunity for multiple step, sequential processing using 
different processes. 
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® Multiple chamiw integrated process system. 



"0 An integrated modular multiple chamber vacuum 
^processing system (10) is disclosed* The system 
^includes a load lock (12). may Include an external 
^cassette elevator (24), and an internal load kxA 
^wafer elevator (50), and also includes stations about 
!^the periphery of the k)ad kxk for connecting one, 
two or several vacuum process chambers (16 to 22) 
Oto the load k)ck chamber (12). A robot (80) is moun« 
l^ted within the load lock and utilizes a concentric 
lUshaft drive system (82) connected to an end effector 
via a dual four*bar fink mechanism (86) for imparting 
selected R-G movement to the blade (84) to k>ad and 



untoad wafers at tfie extemai elevator. Internal eleva- 
tor and individual process chambers (16-22). The 
^stem is unkjuely adapted for enabfing various 
types of IC processing Inducfing etch, depositksn, 
sputtering and rapid thennal annealing chambers, 
thereby provicfing the opportunity for multiple step, 
sequential processing using (fifferent processes. 
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MULTIPLE CHAMBER INTEGRATED PROCESS SYSTEM 



Background of the Invention 

The present invention relates to a multiple 
chamber slBcon wafer VLSI processing system tfiat 
includes a common load lock and wafer exchange 
rolxrt and multiple process chambers suitable for 
sequentially and simultaneously performing differ- 
ent process steps such as depo^tion andtor dry 
etching of dielectric, semiconductw and conductor 
layers. The invention also relates to apparatus for 
perftKming multiple integrated processing steps in 
a continuous sequ^ice, tital Is, by routing sOTicon- 
ductor wafers between different processing cham* 
bers while the system Is dosed and under vacuum. 

Presentiy. ttte typical availabfe VLSI processing 
reactor systems are single chamber batdHype 
systems in which tiie chamber Is dedteated to a 
single type of process such as plasma etdnng or 
chemteal vapor deposition. These process-dedi- 
cated batch^ype reactor chamt)ers are deigned to 
provide a high process throughput tor a single 
process step such as. for example, ttie chemteal 
vapor deposition of silicon or silicon ctodde or 
otiier dielectric or the etohlng of such layers. 

To our knowledge, there are available very few 
systems that are capable of pefforming mora than 
one piwess step In-sita One of the few exceptions 
is the magnetron-^ihanced gas chemistry plasma 
reactor descnl)ed in aitowed, co-pending, common- 
ly assi£^ U.S. patent appGcafion Serial No; 
814.638, entitted "Magnetron-Enhanced Plasma 
Bching Process", fifed December 30. 19^* In the 
name of Maydan et aL The magnetron RIE rrwde 
plasma etch reactor described In the Maydan et al 
applfeation is a nuxfiffeation of the pfesma system 
(fisdosed In alfewed, co-pending, commonly as- 
signed U.S. patent aiiqoBcatksn Serial No. 664.657. 
entitted 'Apparatus and Metiiod for Magptetron-En- 
hanced Plasma-As^sted ChenUcal Vapor Deposi- 
tion*, fifed October 25. 1984. in tfi© name of Fbsto- 
et aL In particular, tiie Foster et al patent appficar 
tion disdoses tiie in-situ. sequential or mmtta- 
neous deposition and etching of layers on a semi- 
conductor wafer. Tne Maydan and Foster appSca- 
tions are hereby incorporated by reference. 

Secondly, singte chamber etcher systems are 
availabfe having an assodated vacuum toad kxdc 
tiiat Is used for pre-or post-processing. 

Thinjiy. an artide in the October. 1885 issue of 
Semiconductor Intemational magazine, entitied 
"Dry Etching SystOTis: Gearing up for Larger War 



fers*. pp. 48-60. schenraatically portrays a four- 
chamber dry etching system that uses a common 
load lock to transfer wafers to tiie individual etch 
chambers. 



Summary of the Invention 
1. Objects of ttie Invention 

10 

In view of tite above-descnl}ed state of tiie art. 
it is one object of tite present invention to provide a 
compact muttipfe process chamber system tiiat 
has ttie al)i{ity to perform different processes, sl- 

15 nnuHaneously on difierent wafers and/or sequen- 
tially on the same wafer, white tiie system fe dosed 
to atmosphere. 

It is an additional, related obiect of tiie present 
invention to provide a multipfe chamber semlcon- 

20 ductor processing system tfiat has tntegrated pro- 
cess capability. That is, a number of separate 
process steps involving distinctty different types of 
pnx:esses sudi as pfesma elching. GVD deposi- 
tion, physical sputtering and rapid thermal anneal- 

25 ^g can be performed ^multaneousiy or sequen- 
tfelly on one or more wafers white the system is 
closed to vacuum. 

It Is an additional object of tiie present inven- 
tion to provide a semkXHiductor integrated drcuit 

30 wafer processing system having the above advan- 
tages and. In addition, havfeg tiie capability to 
perform pre-or postisrocessing conditioning steps 
in ttie assodated load lock chamber. 

It Is still anotiier object of tiie present invention 

35 to provide an VLSI semkxxKtuctor wafer processing 
systm having tiie above advantages and char- 
acteristics and wHch. in addition, incorporates a 
simpto two^s (M) robotic toad lock wafer ex- 
change system and a one-axis robot wafer ex- 

40 change system witiiin tiie indi>4dual chambers. 
Those robot systems cooperatively provide an 
overall very compad yet relatively simpfe wafer 
handling system that has tite adcfitional attributes of 
inherent few particulate generation as well as Isola- 

45 tion of friction swfaces from the wafers. 



Summary of tiie fevention 

50 In one aspect, tiie present invention which ac- 
complishes the above objectives Is embodied in an 
integrated vacuum process system which com- 
prises a vacuum toad tock chamber having at least 
one , and preferably a pluraTity or multiplicity of 
vacuum proces^ng diannt)ers mounted to tiie ex- 
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tenor thereof and communicating with the load lock 
chamber interior via selectively dosable silts tn the 
load lock and processing chambers. Each of the 
processing chambers can be adapted to perform 
one or more processes selected from, for example, 
gas chemistry etching, gas chemistry deposttion, 
physical sputtering and rapid thermal anneal of one 
or more wafers positioned within the chamber* 
Each processing chamber includes robot means for 
reversibly transferring a wafer from a selected in- 
ternal position acOacent the processing chamber 
opening to an internal wafer support The k)ad lock 
chamber incorporates a first external wafer elevator 
which is adapted for positk)ntng wafers adjacent a 
load k)ck chamber entrance and a second internal 
elevator which is adapted for moving wafers to an 
internal position adjacent the entrance. An R-e 
wafer-handling robot is nuxmted witiiin the k>ad 
\ock chamber and. {drably, comprises a horizon- 
tal wafer-hokling blade, a dual-four bar Hnk mecha- 
nism mounting ttie blade. Concentric drive shafts 
effect rotation of the blade m ttie four-bar link 
mechanism to selectively position the blade at ttie 
processing chambers and elevators and, extend 
and retract tiie Uade, also via ttie four-bar link 
mechanism, to position ttie blade at the elevafeors 
and at tite selected internal positions In the pro- 
cessing chambers for loading and unk)ading wa- 
fers. 

in anottmr aspect, at least one of ttie process- 
ing chambers Includes a wafer-supporting elec- 
trode. The process chamt>er robot means com- 
prises a group of vertically oriented pins, support 
means mounting ttie pins In a drcutar anay, and 
means for moving ttie support means vertically to 
remove ttie wafer from ttie blade at the selected 
internal position and transport the water to ttie 
support electrode and to retum ttie water to ttie 
blade at ttie selected internal positioa This robot 
may include a water clamp dng moimted lo ttie 
suppon ring above ttie wafer support pins for 
dampii^ ttie water to ttie supporting electrode. 

In still anottier aspecL ttie robot of at least one 
of ttie processing dmmbers comprises a first gen- 
erally circular horizontal anay of fingers adapted 
for holding ttie wafers; a second generally circular 
horizontal array of lingers interdlgltated witti the 
first fingers and being adapted for hokling a gen- 
erally circular suscef^ in a horizontal ortontation; 
a first elevator for mounting ttie first fingers and 
moving the first fingms (a) upwardly to lift ttie wafer 
off ttie blade preparatory to lifting movement of ttie 
second fingers into a processing position and (b) 
downwardly to retum ttie wafer to ttie setected 
internal position and ttie toad kx:k Uade; and a 
secondly vertically movable elevator mechanism 
mounting tiie second fingers tor moving ttie second 
fingers (c) upwardly past the first fingers to lift ttie 



wafer ttierefrom onto ttie susceptor and into ttie 
processing position and (d) downwardly for depos- 
iting ttie processed wafer onto ttie first fingers 
preparatory to retum by ttie first fingers to ttie 

5 selected internal position and ttie toad took blade. 

A second integrated vacuum processing sys- 
tem essentially identical to ttie above-described 
first system, but wittiout ttie external cassette ele- 
vator can be mounted to ttie first system at one, 

10 several or all of ttie process ch^ber mounting 
locations to increase tiie processing capability and 
tiiroughput 

The load lock chambers can be adapted tor 
processing and conditioning wafers therein and can 
15 include a plate intemiediato upper and tower 
groups of wafer positions tor seating tiie upper 
group wittiln ttie load lock chamber and Isolating 
the tower group frcrni the process chamber during 
handling or processing of ttie upper group. 

20 

Brief Description of tt ie Drawings 

The above and ottier aspects and advantages 
25 of ttie present invention are described in conjunc- 
tion witti the following drawing figures, in which: 

FIG. 1 is a simplified top plan view, partly - 
schematic, of our multipte chamber integrated pro- 
cess system, illustrated witti ttie toad took and 
30 chamber covers deleted; 

FIG. 2 is a vertical cross-section view, partly 
schematic, taken atong tine 2-2 in FIG. 1; 

FIG. 3 is an enlarged, partial top plan view of 
ttie robotic wafer handling blade assembly shown 
35 In RG. 1; 

FIGS. 4, 5 and 6 dtagrammatically deptetttie 
operation of tiie water handBng blade assembly's 
dual four-bar fink mounting system; 

RGS. 7-11 are highly schematized partial 
40 top plan views ttiat (fiagrammatically defxct ttie R-6 
movement of ttie toad took robot in t r an s fe r rin g 
waters among ttie external cassette levator, ttie 
Internal toad tock elevator and ttie vacuum procese- 
ing chamt)ers; 

45 FIGS. 12-16 are sequential schematic 

cross-sectional representation of ttie dedicated, in- 
ternal wafer transport systm disctosed In ttie re- 
ferenced CVD reactor during ttie process of trans- 
ferring waters from ttie external toad tock blade to 

50 ttie reactor susceptor and rstuming wafers from ttie 
reactor susceptor to the load tock blade; 

RGS. 17-19 are sequential schematized 
cross-sectional representation of ttie dedicated, in- 
ternal wafer transport system disctosed in ttie re- 

56 ferenced etch reactor during ttie process of trans- 
fening wafers from ttie external toad tock blacfe to 
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the reactor wafer support electrode and returning 
wafers from the reactor wafer support electrode to 
the load lode blade; and 

Ra 20 is a top plan view parfially - 
schematized of an alternative embodiment of our 
multiple chamber integrated process system which 
Incorporates an additional pair of multiple chamber 
process systems. 



Detailed Description of the Invention 

FIG. 1 is a top plan view of a presently pre- 
ferred embocfiment of our multiple chamber in- 
tegrated process system 10. RQ. 2 is a vertical 
cross-isecfion of system 10. 

Referring primarily to RGS. 1 and 2. ow mul- 
tiple chamber Integrated process system 10 (also 
termed "multiple chamber system") comprises an 
enclosed, generally pentagonal main frame or 
housing 12 having five sidewalts 13-13 that define 
an enclosed vacuum load lock enclosure or cham- 
ber 14. 

A number of MWidual vacuum process re- 
actors [cr chambers), illustratively chambers 16. 
18, 20 and 22. aro mounted one each on an 
associated sidewall of the load lock housing. 

An external cassette elevator 24 is adapted tor 
holding a multiplicity of cassettes, iltustrafiv^ two 
cassettes 26 and 28, in a vertteat position mth the 
wafers 15-15 horizontal. The exl^nal cass^ ele- 
vator assembly 24 comprises a first, horizontal 
base plate 30 ttiat is mounted on guide shafts 32 
and 34 for reciprocal horizontal indexing move- 
ment, as Mfcated by arrow 29 (RQ. 1), to selec- 
tively position each cassette (firectty oppo^ and 
aligned mtii toad tock chamber entrance sGt or 
opening 36. For example, the base plate 30 can be 
mounted to and driven by a two-posttion air 
cynnder-actuated bell crank whtoh Is controlled by 
computer 70. The cassette elevator 24 is also 
ffijapted tiy indexing system 40 for reciprocal verti- 
cal indexing movement as Indcated tjy arrow 31 
(Ra 2). to selecthrely present wafers wittin the 
cassette adiacent to tiie toad tock slit 36. Vertical 
cassette-Indexing system 40 comprises a lead 
screw 42 that is rotated by a motor 44Hlriven gear 
set 46 for displadng drive nut 48 mounted to ttie 
base plate 30. 

The process chambers 16-22 and the asso- 
ciated mato frame walls 13-13 also have commu- 
ntoating sto 36-36 which are similar or klenScal to 
the load tock entrance slit 36. Doors or slit valves 
38 are provtoed tor sealing these access sSs 36. 
Refening to RG. 1. each door 36 is pivotaily moun- 
ted as at 37 and can be opened and ctosed, e.g., 
by an air cylinder 69 controlled by computer 70. 
That is, the means such as electricafty operated 



valves for controlling appGcation of air to cylinder 
69 are controlled by computer 70. 

The toad lock chamber has an internal storage 
elevator assembly 50 that holds a number of wa- 

5 fers 15-15. iUustrath/ely up to eight on horizontal 
support plates 54. The elevator 50 indexes the 
wafers vertically to present the wafers to ttte verti- ^ 
cal position 56 for toacfing and unkiading by the 
load tock robot blade assembly 84, as discussed ^ 

10 betow. 

Typically, the internal storage elevator cassette 
assembly 50 comprises a base plate 58 and slotted 
vertical front plate 59 to which tiie horizontal wafer 
support plates 54-54 are mounted. In tiie illustrated 

J5 embodiment a pair of gidde shafts 60-60 and drive 
shaft 61 can extend downwardly firom the K}ase 
plate 58 and through the toad lock chamber's bot- 
tom wall 62 via seals 63-63. for gukfir^ and moving 
the elevator assembly 50. Bevator assembly 50 

20 be raised and lowered by a vertical indexing 
system 64 comprising a lead screw 65 tiiat is 
rotated by a motor 66-driven gear set 68 for dis- 
placing drive nut 69 that is mounted to ttie vertical 
shaft 61 . The operation of tiie elevator vertical drive 

25 motor ^ as well as cassette horizontal drive motor 
44 (preferably stepper motors) is controlled by a 
conventional controller, a small, general purpose 
computer or personal computer 70. 

Robotic wafer transfer system 80 is mounted 

so witiitn tiie toad lock chamber 12 for transferring flie 
wafers 15-15 between tiie external elevator 24 and 
ttie Internal elevator SO. between tiie internal elevar 
tor 50 and ttie tmfivklual processing chambers 16- 
22. and between tiie processing chambers 16-22. 

$s The robot 80 todudes a concentriC'Shaft rotational 
drive system 82 that imparts reversible R-6 move- 
m^ to blade assembly 84 via a dual, fbur-bar link 
mechanism 86 for effecting tiie desired cassette-to- 
elevaior. elevator-4o<hamber and chamber-4o- 

40 chamber wafer transfer. Tha R movement (str^ght 
fine extenston and retraction) is indtoated by annow 
72, Ra 1. white ttie pivotel $ movement is atong 
arrow 74. 

45 

Robot 80 

Refening furtiier to RG. 2. ttie robot assembly 
80 includes a removd)te base plate 88 ttiat is 

50 mounted to tiie bottom waH 90 of toad lock housing 
12. 0-ring 92 seals tiie two joined members. Rxed 
hoitow outer shaft 94 is mounted to tiie base plate 
88. Hollow rnkkde shaft 96 Is mounted for rotation 
wittiin ttie outer shaft 94 by journal bearings 97-97. 

55 An Inner ^laft 98 Is mounted by journal bearings 
99-99 wtthin tiie nUddle shaft 96. The concentric 
mkldte shaft 96 araj inner shaft 98 are indepen- 
dentiy rotated, typically by stepper motor-con- 
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trolled cable and drum drive mechanisms 100 and 
102. re^jectively. The operation of respective step- 
per motors 150 and 152 is controlled by the 
controller/computer 70. As discussed below, rota- 
tion of the inner shaft 98 and of the outer 86 
are converted into predse R and fl movement 
respectively, of the robot blade assembly 84 by the 
dual four-bar link mechanism 86. 

Drive mechanism 100 comprises a dnim 101 
which Is fied in fixed relationship to middle shaft 96 
and is rotated by cable 103. The cable 103 is 
mounted on. and wound on and unwound from, a 
drum 105 that is rotated by motor 150-driven belt 
and pulley system 107. The drum 105, belt and 
pulley system 107 and motor 150 are mounted on 
support plate 108. which in tum is mounted to the 
fixed outer shaft 94. As a consequence of this 
arrangement rotation of the motor 150 is translated 
by cable 103 into rotation of disic 101 and middle 
shaft96. 

Similarly, drive mechanism 102 comprises a 
disk or drum 111 wf^ is tied to inner ^laft 98 and 
is rotated by a cable 113. Cable 113 is mounted on 
a dnjm 115, which is rotated by motor 152Kiriven 
belt and pulley system 117. Drum 115. belt and 
pulley system 117 and drive motor 152 are moun- 
ted on a support plate assembly 119 whtoh itself is 
mounted to or is part of a member 121. in tum. 
member 121 is affixed to or is part of the disk or 
dnim 101. As mentkxied. disk 101 Is tied to and 
rotates middle shaft 98. Thus, when drive system 
100 rotates middle shaft 96 by rotating the con- 
nected disc 101, tiie <fisc 101 also rotates the drive 
system 102. ttieraby maintaining the angular por- 
tion of shaft 98 with respect to middle ^laft 96. 

Referring primarily to RGS. 1 and 3. tte blade 
assembly 84 includes arm 104 and a replaceable 
metal blade or end effector 108 ntounted thereto 
whteh has a circular pocket 108 for receh^ a 
wafer 15 of a given Replaceable blades 106 
having Afferent sized pockets 108 can be i^ed to 
hokl different sized wafers, ^ade 108 has holes 
110-110 »ljacent the outer end that are connected 
to a vaoRjm pump (not sfiown) t>y vaoAim fine 
112, whteh is routed through the hoHow inner shaft 
98 {RQ- 2). Thus. Wade 106 can operate as a 
vacuum jAA. in which case the wafers are picked 
up at the end of the blade from cassettes 26 and 
28 or deposited Into the cassettes, in the external 
atrrtospheric pressure amtnent 

AHematively, the pocket 108 can be used to 
hoM wafers during transfer between the internal 
toad k)ck elevator 50 and the processing chambers 
16-22 or between the process chambers, in the 
toad lock's vacuum an\btent In short the btede can 
pick up wafers at atmospheric pressure or in vacu- 
um, and can pick up high temperature wafers. 

Referring further to RG. 3, capadtlve sensors 



114-114 are nrounted at the forward end of the 
blade 106 iust aft of the vacuum holes 110-110 for 
use in sensing the presencef/absence of a wafer 15 
on the vacuum pidk, end or in the pocket 108. 

5 Qectrical leads 115 for the sensors can be routed 
via inner shaft 98 to computer 70. where the output 
signals from the sensors 114-114 are used to de- 
termine the presence/absence of the wafer 15 on 
the blade. Also, the output of a plurality of (three) 

70 1^ optteal sensors 121 can be routed akmg the 
same path as leads 115 to the computer for detect- 
ing the insertion of wafers into the load took cham- 
ber. 

The dual four-tiar 6nk mechanism 84 com- 
75 pdses a first Ibur-bar link 115 which itself com- 
prises first and second, parallel amns 116 and 117 
tiiat are pivotally mounted at spaced points atong a 
connecting fink/bracket 1ia The second ends of 
ttip OTIS are mounted at spaced points atong a 
20 second connecting Qnk 119. 

A second four-bs* fink 125 comprises first and 
second arms 126 and 127 that are pivotally nuxin- 
ted In common witfi ams 116 and 117. respec- 
tively, to ttie Onk 119. Arm 126 is mounted at the 
25 second end ttiereof to bracket 129 via pivot pin 
130. The bracket 129 Itseif Is fixedly mounted by 
screws 132-132 to disk or collar 134 whteh is 
mounted to ti)e upper end of the mkMto shaft 96. 
Arm 127 is fixedly mounted by screws 136-136 to 
30 the upper end of inner shaft 98, which extends 
through tiie collar 134. 

Because of this cooperative mounting using 
common fink 119, the reversibte rotatton of the 
inner shaft 88 rotates the drive ann127 and there- 
36 by transtonns the shaft rotatton into bidirecttonal 
translatton of link 118 aid ann assembly 84. As a 
consequence of the fixed relative positions of the 
pivot pdnts 120 and 122 on fink 119. irf pivot 
points 138 and 140 on fink 129, and of the pivot 
40 points on fink 118. the two. four-bar finks 115 and 
125 malntaun their paralletogram configuratton dur- 
ing rotatton. The movement of the fink 118 and 
blade assembly 84 fiuis parallel to (atong) axis 
136 through the pivot points associated wifii fink 
46 118 and fink 129. 

RQS. 4, 5 and 6 Hlustrata movement of the 
four-bar finks 115 ami 125 during rotation of the 
shaft 98 and drive arm 127. Initially, as shown In 
RQ. 4. the link assembltes 115 and 125 are fully 
50 extended to positton the vacuum ptok end of fiie 
blade 106 to pick up or deposit a wafer at the 
external cassette 26 or 2a 

f^eferring to RQ. 5. rotation of the inner shaft 
98 and drive arm 127 moves fink 118 inwardly into 
55 the toad k)Ck chamber 19, thereby retracting blade 
108 (R movement) to the position over tfie inner 
elevator 52 for p^ng up or depositing a wafer 
from the inner elevator. 
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Upon additional rotation, as shovm in RG. 6, 
ttio four-bar Bnic assenribly 115 crosses over the 
assembly 125 so that link 118 and blade 106 are 
fully retracted and the blade is over the flange 134, 
forming a very compact configuration. In this re- 
tracted, compact configuration, the blade assembly 
84 and the four-bar finks 115 and 125 occupy a 
minimum area and. thus, traverse a relatively small 
area of the k>ad lock chamber during rotation. The 
desired rotation {e movement) along path 74 Is 
effected by rotating middle shaft 96 and flange 
134. which, in turn, rotates pivot point 138 and the 
four-fciar link mechanism 86 about the inner shaft 
axis 140 (RG. 2). 

The R-0 movement of the robot 80 inserts the 
blade 106 through the slit valve 30 into a selected 
process chamber (see, for example, Ra 11) over 
fhB wafer support susceptor or electrode within that 
chamber. Within the chamber, ppeferabty a coop- 
erating one-axis bidirectional vertical movement ro- 
bot Dfts tfie waf^ from the blade 106. transto the 
wafer to the associated chamber electrode or 
susceptor for processing, then returns the wafer to 
the reinserted blade 106 after processing. Euro- 
pean Patent Application No. 
015O2OOQ/EA28OO) entitiaJ Themnal CVDff»ECVD 
Reactor and Use for Thennal Vapor Deposttkm of 
Silicon I^oxkje and in-Situ Multi-Step Ranarized 
Pnxess" discloses a chemical vapor 
depositk3n/|[>lasma-enhanced chemical vapor reac- 
tor system adopted for thennal chemical vapor 
deposition (O/D), plasma-enhanced chemteal va- 
por deposition (PE(}VD), plasma etchback, reactor 
setf<leaning. and sputtering film topography modi- 
fication (also called 'relerenced CVD reactor".) The 
refeienced CM? reactor has aone-axis bkfirectlonal 
robot system unk^uely adapted for the above-de- 
scrtbed internal wafer transfer in such reactors. In 
additfon, European Patent AppOcatkxi No. 
(31502000/EA 2800) entitled "Magnetic Rek^€n- 
hanced Plasma Reactor', describes a multiple pro- 
cess etch reactor having a single axis robot which 
is unk)i»ly dedgned for etch resH:tDrs. The referen- 
ced CVD reactor patent appOcation and the re- 
ferenced etch reactor patent applicatton are both 
incorporated by reference. 



Operatfon of Robot 80 

As one example of an overall sequence of 
operation of the robot 80, RGS. 7-11 depfcl the 
robot's R-e movement in moving a wafer 15 (RG. 
7) from external cassette elevator 24 to internal 
elevator 50 and then into process chamber 20 (RG. 
11). 

initially, as is also depicted in RG. 3, rotation 
of drive arm 127 by shaft 98 extends the blade 106 



into cassette 28, then downward Irxlexing of the 
cassette 28 deposits a wafer 15 onto the vacuum 
f^ck end of the blade. 

As shown in RG. 8, reversed rotalton of the 

5 shaft 98 and drive arm 127 (RG. 2) retract the 
blade assembly 84 into the load lock chamt36r and 
position blade 106 at internal elevator 52. There, 
upward indexing of the elevator 52 deposits the 
wafer 15 on one of the cooperating spaced pairs of 

10 elevator support plates 54-54. 

The blade assembly 84 is then retracted fur- 
ther to dear the internal elevator 50; the elevator is 
indexed downwardly to provide clearance for exten- 
sion of the blade (see RG. 2): the elevator 24 is 

75 indexed to position the next selected wafer tor 
untoading by the blade 106, then the blade 106 is 
extended into the cassette 28 to initiate repetition 
of the above-described unk>acfing cyde. The un- 
loading and toacfing cycles are repeated until the 

20 internal toad kxk elevator 50 is toaded. 

Next, the bad kx^ slit valve 36 is dosed by 
door 38 and the toad kx:k chamber 14 and the 
process chantt)6rs are pumped down to vacuum 
under the contrd of computer 70. The elevator 50 

2S is indexed to po^tton a selected wafer 15 for 
untoading and the arm assembly 84 is extended to 
the positton shown in RG. 8 to posttton the blade 
106 in the elevator 50 so that shM downward 
elevator Indexing deposits the selected wafer 15 

30 onto the blade. Drive arm 127 is then rotated by 
inner shaft 98 to move the blade assembly 84. as 
indtoated by arrow 72, to the fully retracted positton 
shown in Ra 9. 

Rotatton of the mkjdto shaft 96 and fiange 134 

3S (Ra 2} rotates the blade assmbly 84 counter- 
dockwise in the (firecfion 74. Ra 10. to positkm 
the blade 106 fbr ir^ertion into a selected chamt)er, 
here chamber 20. 

fsiext, as shown in Ra 11. drive arm 127 Is 

40 rotated by inner shaft 98 to extend the blade 106 
arKi wafer 15 thereon Into the process chamber 20 
so the chamb^s water exchange robot can untoad 
the wafer 15 from blade 106 cmto the chamber 
support or pede^. 

45 While an exemplary wafer transfer sequmce 
between external elevatCMr 24-to-intemal elevator 
SO^o-process chamber such as 20 has been illus- 
trated, as is obvious the computer 70 is pro- 
grammed to untoad waters 15-15 from tfie cham- 

90 bers 16-22 Into the toad took elevator 50, to unload 
the wafers in the elevator 50 into the cassettes 26 
or 28. and to transfer a wafer from one process 
chamber such as 20 to another chamber 18. 20 or 
22 to implement another proces^ng step. 

55 
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Exemplary Processing Chamber Robot Operation 

As mentioned above, the above-described load 
lock chamber robot 80 preferably operates coop- 
erativety with dedicated rcMts within the individual 
chambers 16-22. The load lock robot 80 presents 
wafer 15-15 to selected transfer pdnts over asso- 
ciated wafer-supporting electrodes or susceptors 
within the chambers 16-22 for transfer to the pro- 
cess chamber robots, then retrieves the processed 
wafer 15, preferably at the same transfer points, 
from the process chamber robots for removal from 
the chambers. 



1. CVD/PECVD Reactor 

RGS. 12 through 16 illustrate the operotkm of 
one suitable processing chamber robot wafer trans- 
fer mechanism 140, one which is used in the 
referenced CVD reactor patent application. The ex- 
emplary CVD reactor chamber comprises a circular 
housing 142 (also temned a "chamber*), typically 
made of aluminum, whteh defines an inner vacuum 
chamber 144 that has a processkig regfon/[>lasma 
processing region 148 (i=IG. 14). The CVD reactor 
also includes a wafer-holding susceptor 14a A 
pn>cess/|)urge gas manifoid 150 applies process 
gas and deposition gas to the chamber 144. An RF 
power supply and matching network 151 (RG. 12) 
is used to create and sustain a process gas plasma 
from the inlet gas (for PECVD operatkm) and a 
circular, nearnnfrared lamp healing system (not 
shown) is mounted beneath the susceptor 148 for 
heating the susceptor 148 and wafer 15 positbned 
thereon to effect deposition fifom the processing 
gas onto the wafer 15 (during thermal CVD and 
PECVD operation). Preferably, high frequency RF 
power of 13.56 MHz is used, but tow frequendes 
have been used as well. 

Refening further to RG. 12. the datScatod wa- 
fer transport system 140 comprises a pturattty of 
radially-extending wafer-support fingers 152-152 
which are spaced about and are aligned with the 
periphery of tfie susceptor 148. These fingers are 
mounted to a semi-circular mounting bar or bracket 
154. Similariy. an array of radia]ly*«xtanding 
susceptor-support fingers 156-156 are spaced cir- 
cumferentialty about the susceptor 148, interdigitat- 
ed with the wafer support fingers 152-152. and are 
mounted to a semi-circular t»ar 158 positioned just 
in^e bar 154. Because of the spadng between 
the adjacent fingers'l52-l52 and between the adja- 
cent fingers 156-156, only one finger 152 and one 
finger 156 appears in the cross-secttonai view of 
FIGS. 12-16. The arcuate mounting bars 154 and 
158 are mounted within the housing 154 to stan- 
dard verticaliy movable elevator assembftes (not 



shown) such as, for example, simple vertically 
movable ^afts driven by stepper motors via suit- 
able gear drive or pneumatic cylinders, under con- 
trol of computer 70. 

5 Refem'ng still further to RG. 12. in operation, 
the external load lock blade 106 (with the wafer 15 
to be processed supported thereon) is inserted via 
opening 36 into chamber 144 to a po^on over the 
susceptor 148. In this starting pc^on. the wafer 

10 fingers 152-152 are posituDned between the 
susceptor 148 and the blade 1(^. 

Next as shown in RG. 13. the wafer elevator 
mechanism is actuated by the computer 70 to raise 
the wafer-support fingers 152-152 above the toad 

16 kxk blade 106 to pick up the wafer 15. The blade 
106 is tfien witfKlrawn from tiie chamber 142. 

As shown in RG. 14, after effecting retraction 
of the blade 108, computer 70 implements ctosing 
of the door 38 over the blade access stot 36 to seal 

20 diamber 142: Next, the susceptor elevator mecha- 
nism is actuated by the computer 70 to the 
susceptor-support fingers 156-156 and the suscep- 
tor 148 therecm so that the susceptor 148 lifts the 
wafer 15 from the fingers 152*152 into position for 

25 depositton in the processing area 146 immedately 
atiliacent the gas distribution manifokf 150. 

After pr ocess in g, and relening to RG. 15, the 
computer 70 actuates the susceptor elevator 
mechanism to tower tite susceptor fingers 156-156 

30 and the susceptor 148 tfiereon and deposit the 
wafer 15 onto tfie wafer support fingers 152-152. 
The door 38 is then opened and blade 106 is again 
inserted through the hoiising 142 into chamber 
144. Next as shown in RG. 18. the wafer etovator 

06 mechanism is actuated by computer 70 to tower 
the wafer support fingers 152-152 and thereby de- 
posit the wafer 15 onto the load took blade 106. 
After the downwardly moving fingers 152*152 clear 
the blade 106, the blade 106 is again retracted by 

40 the computer 70, toaving the fingers 152-152 and 
156-156 in the position shown in R(l 12 ready for 
another wafer Insertion processing and wtthdrawal 
cyde. 

46 

2. Etch Reactor 

RGB. 17-19 depict an aftemative internal wafer 
transport system 1^. one which is used in the 
90 etch reactor disctosed in the referenced etch reac- 
tor patent appitoation. 

The etch reactor chamber comprises a housing 
162, typtoally of non-n\agnette material such as 
aluminum, which defines internal etch chamber 
55 164. 

The reactor system also includes a liqukhcool- 
ed cathocto 166. Provision is made for applying a 
gas such as helium between the wafer 15 and the 
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upper surface of the etedrode 1^ when the wafer 
15 is positioned on the electrode (see RG. 19). 
The 0as is applied at a pressure of, for example, 
akx)ut 4 torr to enhance the thermal conductivity 
t)etween the wafer 15 and .the Rquid-cooled eieo- 
trode166. 

Qectrical energy ts applied to the powered 
wafer'-supporting electrode 166 from an BF power 
supply 168 <FIG. 19), preferably at a high fre- 
quency, although low frequency can be used. 

Process gases are supplied to the interior 
chamber 164 by a gas manifold (not ^own) from a 
gas supply system comprising one or more gas 
storage sources. The gas manifold Is positioned 
over and closely spaced to the electrode 166 for 
applying process gas to the process chamber 170 
(RG. 19). 

The etch reactor also Includes two pair of verti- 
cal magnetic colls moimted on <^>posite walls of 
tite chamber 162 for providing a rotatable field 
parallel to the plane of wafer 15. The magnetic fiekJ 
enhances tiie etching effectiveness of the reactor, 
Including etch rate and uniformity. The magnetic 
coils are controlled by tiie computer 70 for provid- 
ing a precisely controlled magnetic field that is 
preferably rotated at a few cycles per minute by 
the simple expedient of sequentially revering cur- 
rent to the sets of colls. 

The wafer exchange system 160 integrally In- 
corporates a muttiplldty of vertically-ext^ng wa- 
fer support pins 174-174. The pins 174-174 are 
arranged in a circular configuration and extend 
through holes in tiie periphery of tiie electrode 1^. 
The wafer exchange sy^em 160 may also incor- 
porate a wafer damp ring 172. Both the wafer 
support fingers 174-174 and fiie wafer dami^ 
ring 172 are mounted to a support arm means 
which comprises a horizontally-exlending arm 178- 
178 (only one radial ^ipport arm 178 Is shown in 
tiie cross-section d RGS. 17-19) mounted to fift 
shaft 176 (RG. 18) for vertical cGsptacement Verti- 
cal rrK>vernentof tiie shaft 178. damp ring 172 and 
wafer siq>port pins 174-174 is effected by a pneu- 
matic cylinder, tiie operation which is controlled by 
computer 70. 

Refening fwtiier to RG. 17. in operation, ini- 
tially the assembly 160 is sOghtfy elevated to per- 
mit Ins^tion of tiie load lock blade 106 through 
door 36 and hou^g 162 and into the process 
chamber 170 (Ra 19). Note, tiie fixed separation 
between tiie top of the wafer support pins 174-174 
and tiie damping ring 172 is aligned horizontally 
witiY tiie slit 36 in tills position so tiiat the blade 106 
can pass between the fibts 174-174 and the clamf>- 
ing ring 172 and Into the plasma etching region 
170 over the electrode 166. 

Next as shown in RG. 18. tiie shaft 176 is 
actuated by computer 70 to raise the wafer trans- 



port mechanism 160 and cause tiie wal^ support 
pins 174-174 to lift tiie wafer 15 from the blade 
106. 

After retraction of the blade 106. door 38 (RG. 

5 1) is dosed over slit 36 and tiie compute 70 then 
effects the lowering of tiie shaft 176 and tiie asso- 
ciated wafer transport mechanism 160, tiiereby 
also lowering the damping ring 172 to damp ttie 
wafer 15 between tiie ring and tiie electrode 166. 

70 After processing, tiie shaft 176 is raised tmder 
the control of computer 70 to elevate tiie pins 174- 
174 and tiiereby lift the wafer 15 above the door 36 
so tiie blade 106 can be inserted into tiie chamber 
164 beneath the wafer 15. Shaft 176 is tiien lower- 

75 ed sli^itiy to position the pins 174-174 and tiie 
damp in tiie position ^town in RG. 17 so the blade 
106 can then be retracted from the chamber 
through tiie spacing between the pins and tiie 
clamp. A firesh wafer 15 can then be placed on the 

20 blade 106 and inserted into the chamber 164 be- 
tween the damp 172 and tiie (^ns 174-174 to 
initiate the start ctf another wafer exchange cyde. 

As described above, the wafer exchange sys- 
tem 160 transfers wafers to and firom the extental 

25 load lock blade 106. damps tiie wafers 15 and 
removes ttte wafers from tiie electrode 66 using 
only perpendicular, pdnt and peripheral contact 
The usual sliding and/br rolling friction contact Is 
absent finom the disdosed etch reactor system and 

30 its wafer exchange system 160, as well as from tiie 
dsdosed CVD reactor system and its associated 
wafer exchange system 140. This reduces tiie ten- 
dency to generate particulates witttin the chambers, 
as does the positioning of tiie support and transla- 

35 tion ai^iaratus beneatti the proce^ing chambers. 

in addition, the load lock chamber 14 can be 
used for bekyw atmospheric pressure dry process- 
ir^ such as resist descumming, resist ashing and 
pasavation. Moreover, but certsdnly not to exhaust 

40 tiie posslbifities, devator 50 can Corporate a sep- 
arator plate 180 between upper and k/wer wafer 
sections. When positioned as shown in RG. 2. the 
plate 180 effectively seals the toad k)ck chamber 
* 14 and tiie wafers above tfie plate from tiiose 

45 bdow. This provides the capabiny for perfomnlng 
pre-processing and post-processing of the u^per 
wafers In the toad took chamber wHhout affecting 
tiie lower wafers. Quite obviously, tiie plate 180 
couki be el^inated or moved to a different position 

50 so tiiat all waters are subjed to tills toad lock 
chamber proces^ng step or so that a variat>te 
number of upper wafers are si±jected to the pro- 
cessing. Also, unprocessed wafers can be stored 
above the plate 180 prior to processing and pre- 
ss cessed wafers stored betow ttie plate preparatory 
to return to the external cassettes 26.28. or vice 
versa. 

The system 10. RG. 1, can be integrated with 
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a load lock chamber or other chamber that allows 
the system to transfer wafers to another process 
system which Is the same as or different from the 
present system 10. Referring to RG. 20, there is 
shown one example of another system (actually, s 
two systems) which are essentiafly identical to the 
present system 10. except that the external elevar 
tor 24 is not used. Accordingly, these two addiH)n 
systems are designated by the general reference 
numerals lOA. Systems 10A are mounted to sys- io 
tern 10 in place of the two chambers 18 and 20. 
Also, while the depicted systems 10A have the 
same dimensions as system 10 and thus require 
the elimination of the chambers at the adjacent 
walls, this limitation is related to ease of repre- is 
sentation and is not an inherent system limitation. 
For example, the dimensions of the sidewalls of the 
chamber 40A can be varied by lengthening the 
neck-Oke entrance 25 to albw use of the full com- 
plement of four chambers. Also, the chambers 10 so 
and 10A are not Bmited to the Illustrated pentagon 
configuration and can incorporate either more or 
fewer sides and. accordingly, more or fewer cham- 
bers. The illustrated systems 10A use toad took 
14A and robot 80A (whteh can be essentially Iden- 25 
tical to the conresponding elements of the bass 
system 10) to transfer wafers 15-15 between tfie 
storage elevator 50A and associated chambers 
16A-22A. Thd main base system k>ad tock 14 and 
robot 80 are used to transfer wafers between the so 
storage elevator SOA of the add-on systems 10A 
and the base system. 

In another exemplary approach, the "other" 
system such as 10A can be a batch system ^ kxi 
implantatton or epitaxial processing, etc.). The oth- 35 
er system (and system 10) may incorpcMHte a toad 
tock chamber that performs bek>w atmospheric 
pressure pre-processing or post-processing, or per- 
forms atmospheric pressure processing such as 
wet cleaning. 40 

As is also quite apparent the described mul- 
tiple chamber process system can incorporate a 
single type of process capability (such as etching 
or chemtoal vapor deposition) in all chambers 16 
through 22 or can nrUx etch and deposition cham- 4$ 
bars. Furthermore. chamt)ers for other types of 
processing such as sputtering and rapid thermal 
annealing can be used atone or mixed with other 
process chambers. For exampto. the reactor cham- 
ber disctosed in the above-referenced CVO reactor so 
patent application can be used for sputter etching. 
Also. Raicu U.S. Patent 4,581.007. Issued Decem- 
ber 31, 1985, whtoh is hereby Incorporated by 
reference in its entirety, descrit)es an appOcabto 
singto wafer rapkJ themtal annealing approach. The ss 
system 10 is thus adaptabto to a very targe num* 



ber of (Afferent chamber combinations and process 
sequences using etch, depo^on. sputtering, rapid 
thermal anneal and other process steps in-situ 
without breato'ng system vacuum. 



Claims 

1. An integrated vacuum processing system for 
woriq>ieces such as semiconductor wafers, com- 
prising: 

a vacuum load tock chamber, having a 
ciosat>le entrance; 

at least one vacuum processing chamber 
mounted to sakl load tock chamber and commu- 
nicating therewith via openings in the adjacent 
chambers; 

each of said processing chambers including a 
wafer st4>port means and being adapted for per- 
forming a process selected from at feast one of gas 
chemistry etching, gas chemistry depositton, phys- 
ical sputtering and rapkl annealing on at least one 
wafer positioned on the support and, further Includ- 
ing robot means for rever^fy moving a water from 
a selected intemal posttton adjacent the processing 
chamber opening to and onto the water support 

2. Tlie processing system of C^m 1, further 
comprising: 

a first elevator mounted within the toad kx>k 
chamber, said first elevator having a nwvtoer of 
wafer mounting posittons and being adapted for 
selecfively moving wafers to a first selected toad 
tock position intemal and adjacent te the toad kxk 
chamber entrance: 

a wafer-handling robot mounted within ttie toad 
lock chamber comprising an extendibte wafer sup- 
port blade, means for rotating the blade to selec* 
lively ortent the blade at the processing chambers 
and elevators, and means for extending arxJ retrac- 
ting the oriented blade to position the Uade at 
selected intemal positions in the processing cham- 
b&rs and at least at a selected toad tock position 
for redpiDcany transterrtog wafers. 

3. The processing system of Osktt 1 or 2. 
further comprising a second cassette elevator 
mounted externally to the toad tock chanber, said 
second elevator having a mffnber of water mount- 
ing positions and being adapted for seiect^ely 
movtog ssud wafer nrKHinting positions to a second 
selected k>ad tock posttton externa! and adjacent to 
the toad tock chamber entrance. 

4. The Integrated vacuum processing system 
of Oalm 1. at least one of the processing cham- 
bers being adapted for gas chemistry deposiiitm. 

5. The integrated vacuum processing system 
of Claim 1, at least one of ttvs proces^ng cham- 
bers b^ng adapted for gas chemistry etching. 
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6. The integrated vacuum processing system 
of Claim 1 or 2, at teasl one of the processing 
chambers further comprising: 

an electrode assembly having a horizontal 
upper face for supporting the wafer, said electrode 
face being generally aligned with the selected in- 
ternal position: and 

said robot means comprising a group of 
generally vertically oriented pins; support means 
mounting the pins in a circular array; and means 
for sequentially moving the support means upwar- 
dly and downwardly to remove the vvafer from the 
blade at the selected internal position adjacent the 
processing chamber op^ng and onto the wafer 
support electrode and to retum the wafer to the 
blade at the selected internal position. 

7. The integrated vacuum processing system 
of aaim 6. the pn)cessing chamber being adapted 
for gas chemistry etching. 

a The integrated vacuum processing system 
of Claim 1 or 2, the robot means of at least one of 
the processing chambers further apprising: 

a generally horizontal group of vertically 
oriented pins; 

a generally horizontal circuiar damp ring; 

a generally cyOndricai wafer support electrode 
assembly having an upper face for supporting the 
wafen 

a support arm assembly mounting the damp 
ring at an upper end thereof, and further mounting 
s^d pins in a generally drcular anay of diameter 
less than the damp ring diano^r, said upper ends 
of the pins being spaced vertically below said 
damping ring; 

a vertically mov^}le levator mechanism 
mounted wHhin the chamber, mounting said sup- 
port arm assembly for vertical movement thereof; 

said cyfindHcal electrode having vertical slots 
therein for permitfing v^Ucal movement of said 
support pins ther^hrough; and. 

means for sequentiafly moving the shaft 
upwardly and downwardly to permit positioning of 
the load lock wafer blade over the wafer ^ipport 
electrode at the selected internal position, remov- 
ir^ the wafer from the blade at the selected Inter- 
nal positton, clamping the wafer to the wafer sup- 
port etedrode and returning me wafer to the blade 
at the selected internal position. 

9. The intsgratad vacuum processing system 
of Claim 8, tiie processing chamber being adapted 
for gas chemistry etching. 

10. The integrated vacuum processing system 
of Claim 1, tt>e toad (ode chamber being adapted 
for processing a wafer positioned titerein. 

11. The IntegratBd vacuum processing syst^ 
of Claim 1. tiie first elevator having a plate inter- 
mediate first and second groups of wafer positions 



for seafing ttie first group witftin ttie load lock 
chamber and isolating the second group from the 
load lock chamber. 

12. The integrated vacuum processing system 

5 of Claim 1 1 , further comprising means for applying 
ambient gas to tiie toad k>ck chamber to condition 
sakl first group of wafers. 

13- The integrated processing system of Claim 
1 or 2, further compri^ a second integrated 

70 process system mounted to the load lock chamber, 
sakj second Integrated process system comprising: 
a second vacuum load lock chamber, having a 
dosable entrance; and 

at least one second vacuum processing 

75 chamber mounted to said second toad todc cham- 
tjer and communicating ttierewitii via openings in 
tiie adjacent chambers; 

each of sakl second processing chambers 
iilduding a second wafer support and being adapt- 

20 ed for perionming a process sequence setected 
fifom at toast one of gas chemistry etching, gas 
chemistry deposition, phystoal sputtering and rapki 
annealing on a wafer positioned on the support 
and, further induding second robot means for re- 

25 verslbly moving a wafer from a selected internal 
position adiacent tiie second processing chamk)er 
opening to and onto the wafer support an elevator 
mounted vvittiin tiie load took chamber, saki elevar 
tor handng a numt>er of wafer mounting positions 

30 and being adapted for setoctively nnoving wafers to 
an internal position adjacent tiie second toad took 
chamber entrance; and a second wafer-handling 
robot mounted wittiin the toad took chamber and 
comprisir^ an extendibto wafer support bl^. 

35 means for rotating tiie blade to setoctively position 
the blade at ttie second processing chamber and 
associated etovator. and means for extending and 
retracting tiie blade to position tiie blade at ttie 
elevators and at tiie sdeded internal position in tiie 

40 second processing chaniber for toading and un- 
toacBng wafers. 

14. The Integrated vacuum processing system 
of Cldm 13, at least one of the toad todc chambers 
b^ng adapted for processing a wafer positioned 

45 ther^. 

15. Ifm int^rated vacuum processing system 
of Oskn 13, at toast one of die Internal load tock 
chamber elevators liaving a plate intermediate tirst 
and second groups of wafer positions for sealing 

50 tiie first group wittiin tiie associated toad tock 
chamber and isolating tiie second group from tiie 
associated toad lock chamber. 

16. The uitegrated vacuum proces^ng system 
of Claim 15. further comprising means for applying 

55 ambient gas to tiie sato toad tock chamber to 
o^idition saki first group of wafers. 



10 



19 



0 272 141 



20 



17, The integrated vacuum processing system 
of Claim 1, the robot means of at least one of ttie 
processing chambers further comprising: 

a first generally circular horizontal array of 
fingers adapted for holding the wafer; 

a second generally circular horizontal array of 
fing^ intertSgitaled with the first fingers, the sec- 
ond fingers tteing adapted for holding a generally 
circular susceptor in a horizontal orientation; 

a first vertically movable elevator mechanism 
nK>unting the first fingers for moving the first fin- 
gers (a) upwardly to lift the wafer off the blade 
preparatory to lifting movement of the second fin- 
gers into a processing position and do) downwardly 
to return the wafer to the selected internal position 
and the load lock blade; and 

a second v^'cally movable elevator mecha- 
nism mounting the second fingers for moving the 
second fingms (c) upwardly past the first fingers to 
lift the wafer therefrom and onto the susceptor and 
into the said pn)ce$sing position, and (d) downwar- 
dly for depositing the processed wafer onto the first 
fingers preparatory to return by the first fingers to 
the selected internal position and the load lock 
t>lade. 

ia The integrated processing system of Claim 
17, further comprising a second Integrated process 
system mounted to the k)ad kx:k chamber. sakJ 
second integrated process system comprising: 

a second vacuum toad kx:k chamber, having a 
closabie entrance; 

at least one second vacuum proces^ng 
chamber mounted to sakl second k)ad lock cham- 
ber and commurycating therewith via openings in 
the adjacent chambers; 

each of said second processing chambers 
inciudng a second wafer support and being adapt- 
ed for perfbrming a process sequence selected 
from at least one of gas chemistry etching, gas 
chemistry depositkMi, phystoal sputtering and rapid 
annealing on a wafer positioned on the ^ipport 
and. further teludmg: second robot means for re- 
versibly moving a wafer fifom a selected kitemal 
position adjacent the second processing chamber 
opening to and onto the wafer support an elevator 
mounted within the load lock chamber, said eleva- 
tor having a number of wafer mounting positkxis 
and being adapted fcff selectively moving wafers to 
an tntemal positbn adjacent the second load lock 
chamber entraiK^e; a second wafer*handiing robot 
mounted within the toad took chamber and com- ~ 
prising an extendlbto wafer support t)iade, means 
for rotating the blade to selectively positk>n the 
blade at the second proces^ng chamber and asso- 
ciated elevator, and means for extending and re- 
tracting fha blade to position the blade at the 



elevators and at the selected Msmal position in the 
second processing chamt)er for toading and un- 
loading wafers. 

19. The integrated vacuum processing system 
5 of Claim 17 or 18, at least one of the load lock 

chambers t)eing adapted for processing wafers po- 
sitioned therein. 

20. The integrated vacuum processing system 
of Claim 17 or 18, at toast one of the internal 

70 elevators having a plate intermediafe first and sec- 
ond groups of wafer positions for sealing the first 
group within the assodafed toad tock chamber and 
isolating the second group from the associated 
toad tock chamber. 

75 21. The integrated vacuum processing system 
of Claim 20. further comprising means for applying 
ambient gas to the toad tock chamber to condttton 
said first group of wafers. 

•* - 22. An integrated vacuum processing system 
20 compri^ng: 

a toad lock chamt)er having a ctosabto 

entrance; 

at least a pair of vacuim processing chambers 
mounted to said toad tock chamber and commu- 
26 nicating therewith via openings in the adjoining 
chambers: 

each of said vacuum processing chamt)ers 
including a wafer support and robot means for 
roversibly moving a wafer from a selected internal 

30 positton adjacent the chamber opening to and onto 
the wafer support 

a first elevator mounted externally to the toad 
tock chamber, said first elevator having a number 
of wafer mounting positions and being adapted for 

36 selectively moving said wafer mounting positions to 
a positton adjacent the toad tock chamber entrance; 

a sectmd elevator mounted witlun the toad tock 
chamber, sakj second elevator having a mimt)er of 
wafer mounting posittons and being adapted for 

40 selectivety moving wafers to a positton adjacent the 
toad tock chamber entrance; 

a blade assembly mounted within sakf toad 
tock chamber, comprising: a wafer support blade 
and a dual fdur-ttar Qnk pivot mechartism, each of 

46 said two four-bar link thereof o»nprfsing first and 
second side links phrafally mounted at opposite 
ends thereof to connecting end finks, sakj two four- 
bar links being joined to a common mtodto link and 
being joined to opposite first and second end links. 

so the first end link Mng mounted to the wafer sup- 
port blade and the second end link nrK)unting the 
associated first and second stoe links at respective 
first and second shafts; and 

means for imparting R and 0 movement to the 

56 wafer support blade via the dual four-bar link 
mechanism for selecth/ely posittoning fhe blade, 
comprising: (a) a holtow rotatd)to drive shaft having 
a collar at the upper end thereof, said first pWot 



11 



21 



0 272 141 



22 



shaft extending within the hollow shaft for co-axial 
independent rotation, and said second shaft tsexng 
mounted to said collar, spaced from said first shaft; 

(b) means for roteling the hollow drive shaft to 
rotate the blade assembly about the first shaft and 

(c) means for rotating the first shaft to extend and 
retract the blade along a generally straight axis 
through the oppostte end Bnics. 

23. The integrated vacuum processing system 
of Claim 22, said robot means further comprising: 

a first generally circular horizontal anray of 
fingers adapted for holcfing tiie wafer; 

a second generally drcular horizontal anray of 
fingers interdigitatBd with the first fingers, the sec 
ond fingers being adapted for holding a generalty 
circular wafer support in a horizontal orientation; 

a first vertically movable elevator mechanism 
mounting the first fingm for nnoving the first fin- 
gers (a) upwardly to fift the wafer off ttte Uade 
preparatory to Cfting movement of the second firh 
gers into a processing portion and (b) downwadly 
to return the wafer to the blade; and 

a second, vertlcafty movable elevator mecha- 
nism mounting the second fingers for moving ftie 
second fir^ms (c) upwardly past the first fingers to 
lift the wafer therefrom and onto the susceptor and 
into the said process po^on. and (d) dovmwar- 
dly for deporting the processed wafer onto the first 
fingers preparatory to return by the first fingers to 
the blade. 

24. The integrated vacuum processing system 
of Claim 22, said robot means further comprising: 

a group of wafer support pins; 

a gmeralty drcular damp ring; 

a generally cylindrical wafer support electrode 
assembly having an upper face for supporiing the 
wafer; 

a support arm assembly mounting tie 
damping ring at an u|^per end thereof, and further 
mounting said pins vertically m a generally drcular 
array of diameter less ttian the damp ring diam- 
eter, said upper ends of me bdng spaced vertic^ 
below said damping ring: 

an elevator mechanism mounted within the 
chamber, for moving the support ann assembly 
vertically; 

said cyfindrical electrode having vertical slots 
tiierein for pennftting vertical movem^ of said 
wafor support frins tiierettvough; and 

means for sequentially moving tiie shaft 
upwardly and downwardly to selected po^tior^ to 
permft positioning of tiie wafer blade over the wafer 
support electrode, removing the wafer from the 
blade at tiie selected internal chamber portion, 
damping tiie wafer to the wafer support electrode 
and returning the wafer to tiie blade at the seteded 
internal chamber position. 



25. The integrated vacuum processing system 
of Claim 22. 23 or 24. the second elevator having a 
plato intemnediate first and second groups of wafer 
positions for sealing tiie first group wfthin tiie load 

5 lock chamber and isolating tiie second group from 
tiie toad lock chamber. 

26. The integrated vacuum processing system 
of Claim 22. 23 or 24. fortiier comprising means for 
applying ambient gas to said toad kx:k chamber to 

70 condrtion sakl first group of wafers. 
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